Selenge M et al./Proceedings of The Institute of Biology 37 (2021) 16-23

PROCEEDINGS OF

PIB

THE INSTITUTE OF BIOLOGY

https://doi.org/10.5564/pib.v37i1.3135

Phytochemical study of in vitro cultured Sweet flag (Acorus calamus Linn.,)
Selenge Munkhtsetseg, Bolortuya Ulziibat, Oyunbileg Yungeree®

Laboratory of Plant Biotechnology, Institute of Biology, Mongolian Academy of Sciences
Received 7 Jun 2021; received in revised form 15 October 2021; accepted 10 November 2021

Abstract

Acorus calamus, registered in the Mongolian Red book as an endangered, is a perennial herb that synthesizes about
140 bio-active compounds including phenylpropanoids, flavonoids, mono, and sesquiterpenes. The most common
ingredient in the prescriptions for Mongolian traditional medicine, sweet flag (Acorus calamus) has been used
extensively in traditional oriental medicine and is still used in medicine, food and cosmetic industries in many
countries today. Due to shrinking of natural habitat and distribution area of the species, it is required to generate
the raw materials for the production of medicines and other final products as a result of propagating them through
advanced technology in laboratory conditions. To confirm whether we could substitute application of the natural
population through the in vitro propagated plantlets, it is also necessary to compare their content of predominant
compounds with natural grown plants.

In this study, A.calamus L. were propagated by tissue culture methods, adapted in ex vitro condition and transferred to
the open field (in vivo), and the secondary metabolites in the plantlets at every step of culture (in vitro, ex vitro, in vivo)
were identified through the gas chromatography-mass spectrometry (GC-MS). The samples from the leaves, rhizomes,
and roots were extracted in n-hexane and performed quantitative determination of phytochemical constituents. Totally
55 compounds were found in the samples such as methylisoeugenol (0.05-9.18%), shyobunone (0.03-1%), acoradiene
(0.05-2.86%), a-pinene (0.09-0.51%), B-selinene (0.26-6.64%). In addition, 33 mono and sesquiterpene compounds
including a-pinene, camphene, linalool, geranyl acetate, B-farnesene, curcumin, and nerolidol were detected in the
essential oils extracted from ex vitro rhizome through the phytochemical quality analysis.
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Introduction

Ten percent of vascular plants species or 350-
500 thousand species are considered to be of
medicinal value [1]. One of them is sweet flag
which grows to 50-100 cm height [2] in shallow
waters along lakes and swamps, and plays an
important ecological role in water purification
around wetlands [21]. With the range spread across
42 countries the species grows at elevations of 900-
1800m above sea level [4], in Mongolia the species
occurs in Huvsgul, Khangai, Mongolian Dauria,
Khinggan and Eastern Mongolian area [2].

*Corresponding author:
E-mail address: oyunbilegyu@mas.ac.mn

16

Sweet flag has long been used in traditional
Chinese and Indian medicine as a medicinal raw
material for neurological diseases, gastrointestinal
and respiratory diseases, skin diseases, obesity,
diabetes, as well as for pain relief and fever
reduction. In addition, it can be used for nutritional,
ornamental, ritual, and ecological purposes [5]
[6]. In traditional Tibetan and Mongolian medicine,
it is used as ingredient in Shudag-4, Shingun-8,
Senden-6, and Garid-5 recipes as main and
supplemental active compounds, and is the most
common herbal ingredient in traditional recipes of
the medicinal plants grown in Mongolia [7].
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Secondary metabolites in medicinal plants are
considered to be highly therapeutic and important
for human health. Phytochemical studies of sweet
flag have been carried out continuously since
1957. Rhizome and leaf methanol, ethanol, hexane,
aqueous extracts, as well as essential oil samples
were studied by various instrumental analyzes
such as gas, liquid chromatography, nuclear
magnetic resonance and more than 140 chemical
compounds such as phenylpropanoids, triterpene
glycosides, sesquiterpenoids,
monoterpenes, and alkaloids have been identified
[4]. The most important of these are a, B asarone,
eugenol (phenylpropanoids) and sesquiterpenoid
compounds [8].

saponins,

It is possible to separate active compounds and
secondary metabolites from the plant by selecting
appropriate solvent for the extract of medicinal
plant. The choice of solvent depends on the type of
plant and the nature of bioactive compound [9]. One
of the major compounds, f-asarone, is a non-polar
compound that is readily soluble in hexane, a
non-polar solvent [10]. It has also been noted that
hexane extract of the rhizome contains an essential
oil with B-asarone [11]. Rhizome essential oil is a
volatile organic compound containing asarone and
terpene, which is highly active against bacteria
and fungi, has anti-inflammatory properties, calms
the nervous system and has long been used in
aromatherapy [12]. Therefore, in order to detect
the major compounds, samples were extracted in
organic solvents and also isolated essential oils for
GC analysis. This method is the most widely used
in modern analytical technologies and identifies
organic molecules and volatile compounds with a
molecular weight of less than 1250 Da [13].

In this study, we have performed comparative
phytochemical analysis of the samples from sweet
flag in in vitro, ex vitro and in vivo, respectively
and identified phenylpropanoid, mono and
sesquiterpene compounds.

Material and methods

Phytochemical analysis was performed by GC-
MS on two different extracts in order to determine
the key active ingredient secondary metabolites

contained in sweet flag.

Methods of phytochemical analysis of n-hexane
extract: Samples of plants grown in vitro and in vivo
were prepared and dried under normal conditions.
200 mg of the ground sample were dissolved in 2 ml
of hexane, mixed and incubated on a shaker at 35°C
for 2 hours. The prepared extract was thoroughly
mixed, 150 pl was placed in a GC glass container
and placed in the fume cupboard for 24 h. Then 1 ul
of the extract was taken and analyzed with QP 2010
Plus (Shimadzu) GC with Agilent HP-5 MS (20m
x 0.18mm, 0.18um) capillary column. The
temperature was raised from 40°C to 120°C (at 2°C
min’!, hold 4 min) and then 120°C to 280°C at 30°C
min"! with final hold time of 3 minute. Hydrogen
(H,) was used as carrier gas at a constant flow rate
of 4.0 mL min"'. The chromatogram parameters
were analyzed in PARADISe and the results were
compared with the NIST library based on Retention
time (RT).

Methods of phytochemical analysis of essential
oils: The rhizomes of ex vitro plants transferred
to the greenhouse were dried under normal
conditions. The 200g of the dried sample were
taken and distilled for essential oil by evaporation
in a Clevenger type Ginsberg apparatus for 2h. The
sample was placed in a brown glass container,
capped, and stored at 4°C in the dark until use. 100
pul of the 10 times n-hexane-diluted (for GC)
sample analyzed in Trace 1310 (Thermo Scientific)
GC coupled with a TSQ-8000 MS fused, an Agilent
DB-5 MS (30 m x 0.25 mm, 0.25 pm) capillary
column. The temperature was raised from 70°C
to 150°C at 5°C min! and again at 3°C min! to
250°C and hold for 2 min. Finally, the temperature
was raised to 320°C at 10°C min" and hold for 3
min. Helium (He) was used as a carrier gas at the
constant flow rate of 1.0 mL min'. The results
were compared with the RT of NIST library.

Results

Results of phytochemical analysis of n-hexane
extract: The study quantified and compared
secondary metabolites in the leaves, roots, and
rhizomes of S5-month-old plantlets (in vitro)
and those grown for 3 years in greenhouses and
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for 1 year in open field (in vivo). A total of 55
active compounds have been identified including
monoterpenes such as a-pinene and acoradiene,
sesquiterpenes such as shyobunone, nerolidol,
selinene, aromadendrne, cedrene, and seychellene,
and methylisoeugenol of the phenylpropanoid
group, as well as heptacosane, heneicosane,
octacosane which function as metabolites in
plants (Quantitative data for these main chemical
compounds shown in Table 1).

Terpene compounds such as a-pinene and cedrene
were found about 0.51-1.06% in rhizomes
of plants transplanted in the open field (in vivo),
while those were not detected in samples from in
vitro condition. The small amount of seychellene
included in sesquiterpenes were found in all
samples except in vitro thizomes.

The content of major active compounds of sweet
flag, such as shyobunone (0.03-1%), nerolidol
(0.25-1.27%), acoradiene (0.05-2.86%), and
aromadendranes (0.93-4.61%), were comparable
in all samples, while B-selinene was absent
in the samples of leaves and rhizomes of
the in vitro plants. The concentration of this
compound was the highest at 6.64% in in vivo

samples. Concentration of methylisoeugenol for
the phenylpropanoid at 9.18% in the samples of
leaves of the in vitro plants, was much higher
than other samples (0.05-0.96%). The vitamin A
content was relatively high in all samples, 3.09-
9.42%.

The rhizome of sweet flag has wide range of use
in medicinal and other manufacturing industries
[14]. The results of our study showed that
concentration of the major compounds in the
rhizomes of plantlets transplanted in the open
field, especially mono and sesquiterpenes, were
higher than in vitro plants (Figure 1).

Plants in nature are easily exposed to various
external stresses. For example, under biotic
stress, plants produce a large number of chemical
compounds to protect themselves. These chemical
compounds secondary metabolites
in plants and play important biological and
pharmacological functions [15]. Therefore, it is
possible that the plants we transplanted in the
open field produced more secondary metabolites
under the influence of external stress.

exist In

Terpene compounds were not detected or detected
in much small amounts in in vitro samples, while

Table 1. Major chemical components identified in the n-hexane extract of different samples of sweet flag

Content, %
RT . . . ..
Ne Compounds . in vitro in vivo in vitro in vivo L.
(min) . . in vivo roots
rhizome rhizome leaves leaves

1 o-Pinene 6.83 - 0.51 0.31 0.09 0.19
2 Acetic acid 19.23 - 0.20 0.43 0.13 1.38
3 Cedrene 21.64 - 1.06 0.10 0.83 0.31
4 Methylisoeugenol 22.38 0.96 t 9.18 t 0.06
5 Acoradiene 22.50 0.12 0.36 t t 2.86
6 Seychellene 22.55 - t t t 2.12
7 B-Selinene 22.86 - 0.26 - t 6.64
8 Shyobunone 23.38 t 1.01 0.06 0.09 0.11
9 Nerolidol 24.28 0.59 1.27 0.33 0.25 0.28
10 | Aromadendrane 25.47 2.47 1.47 1.21 0.93 4.61
11 | Heptacosane 26.21 6.75 3.73 3.54 2.39 5.45
12 | Vitamin A aldehyde 26.60 7.74 5.60 3.98 3.09 9.42
13 | Heneicosane 26.95 2.21 1.64 1.05 0.65 0.60
14 | Octacosane 30.67 0.86 0.51 431 5.14 -

18

t=trace (<0.05%)
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B in vitro thizome ™ in vivo rhizome

Figure 1. Comparison of major compounds found in
rhizome samples (n-hexane extract)

they were defined in 2 to 30 times higher quantities
in in vivo samples (Figure 1).

Results of phytochemical analysis of essential
oils: Qualitative analysis was performed on the
essential oil of ex vitro plant thizome, which was
transferred to the greenhouse in 2017 and harvested
in October 2020. The study identified a total of 33
active compounds including monoterpenes such as

a, B-pinene, camphene, L-limonene, B-cis-ocimene,
linalool, geranyl acetate and sesquiterpenes such
as a-bergamotene, (E)-B-farnesene, a-curcumene,
B-sesquiphellandrene, nerolidol (concentration of
these major compounds is shown in Table 2).

Discussion

Since the plant-derived secondary metabolites are
synthesized in tissues and cells of living organisms,
they have therapeutic properties, biological
compatibility and selective action. It also has the
advantages of being easily absorbed, distributed,
metabolized, excreted, and less toxic [16]. In the
world of growing demand for medicinal plants,
greens synthesizing active compounds against
many diseases and their secondary metabolites
are continuously attracting the attention of many
researchers [ 17]. In the current study, phytochemical
analysis performed in the samples from sweet flag
extracted by different methods and showed that
n-hexane extract contained high concentrations

Table 2. Main chemical components identified in the essential oil from the rhizome of sweet flag

>
1
Chemical | RT | § .
Ne Compounds formula | (min) % Usage and importance
Q
1 | o-Pinene CH, 4.34 Acts as a metabolite in plants
2 | Camphene CH, 4.64 Used in perfumes and food flavoring
3 | L-Limonene C H, 6.1 % Used to flavor food and to add orange flavor
7 | B-cis-Ocimene CH, 6.39 g Acts as a metabolite in plants
@] T T T
: & | Used as a deodorant in sanitary products, antifungal
4 Llnalool C10H180 7.67 g al’ld insecticidal
It has anti-inflammatory, analgesic and insect repellent
5 | Camphor C,H,O 8.97 properties
6 | Geranyl acetate | C H, O, | 14.72 Contains essential oils. Used to add aroma and flavor
Contains essential oils. Plants emit to protect
7 | o-Bergamotene C,H, 16.11 themselves from herbivores and insects
8 | (E)-p-Farnesene | C_H,, 16.61 | o | Contains essential oils. Protects plants from insects
(]
9 | a-Curcumene C.H,, 17.05 % Used to flavor food
g It is a component of essential oils and is used in
10 | Nerolidol C,H,O 19.6 § the manufacture of perfumes. Has antibacterial and
antifungal action
11 | Acorenone C,H,0 | 2353 Acts as a metabolite in plants
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of phenylpropanoids, mono and sesquiterpene
compounds, while terpene compounds highly
accumulated in the essential oils from the rhizome
of ex vitro plants.

In our previous study, phytochemical analysis
executed in the methanol extraction of the
plants in in vitro and in nature, identifying 37
metabolites including amino acids, fatty acids,
organic acids, a-selinene, acorenone belonging to
sesquiterpenes, D-pinitol, cyclic polyol [14]. In
this study, phenylpropanoids, monoterpenes, and
sesquiterpene compounds were predominantly
identified when n-hexane extract was sampled. Polar
compounds are more soluble in polar solvents
whereas non-polar compounds are more readily
dissolved in non-polar ones [10]. Selinene belongs
to the sesquiterpene was found in in vitro samples,
not in natural samples [14], while it showed reverse
results in our study. In detail, it was not detected in
in vitro samples and detected in in vivo samples at
0.04-6.64%. This performance was similar to the
results of the study by Shatar et al. (0.7%) in 1995
[18]. Because selinene acts as metabolite in plants
and is synthesized during pathogenic infections
[19], essential oils with high B-selinene content
(37-57%) are used as anti-inflammatory, fever, and
as an analgesic [20]. Methylisoeugenol, one of the
major compounds, was found at 9.18% in samples
of leaves of in vitro plants, which was significantly
higher than in all other samples (0.05-0.96%). This
compound is synthesized under the influence of
physical factors and protects plants, and is more
abundant in leaves of sweet flag [15]. However, in
our study, higher concentrations of the compounds
were found in in vitro samples, that may be due to
physical factors such as light, heat, light intensity,
tissue damage, and artificial culture during
tissue culture. Eugenol is an antibacterial, anti-
inflammatory, analgesic, and antioxidant active
compound [21]. Phenylpropanoid compounds are
commonly found in aromatic and medicinal plants
[24]. In our study of n-hexane extract, the vitamin
A content was 7.74% in in vitro rhizome and 5.6%
in in vivo, whereas beta-carotene, a precursor to
vitamin A, was found at 2.43 mg/mL in rhizome
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samples in other study by Soman et al, 2014
[22]. These results indicate that medicinal important
compounds are being synthesized to usable extent
in the samples produced by tissue culture methods,
and in some cases, it is also possible to increase
their accumulation through the effect of tissue
culture technique.

In analysis of essential oils, monoterpenes such
camphene, camphor, linalool,
limonene, and terpinen, as well as sesquiterpenes
such as nerolidol, aromadendrane, curcumene,
and acorenone were detected which are similar to
results of studies conducted by other researchers
[17][18][25] (Table 3). For example, a-pinene was
found in both samples, 0.51% in in vivo rhizomes,
0.09% in leaves, which is similar to 0.06% reported
in Nepalese studies [10], and 0.7% the study by
Shatar et al. [25]. a-pinene is a compound that
strongly inhibits the enzyme acetylcholinesterase
[25].

as a-pinene,

In addition, the compounds identified in the sample
materials, such as methylisoeugenol, nerolidol,
geranyl acetate, and linalool have a pleasant
odor and are used in perfumes, cosmetics, and
household products [21][26], camphene, limonene,
curcumene and farnesene are used to add flavor
and aroma to food [25]. These compounds have
antibacterial, antifungal, antiviral, anti-oxidant,
anti-inflammatory and  cancer  suppressing
properties [21][25]. Based on the benefits of sweet
flag produced by tissue culture method, it can be
used in traditional medicine, food, household and
cosmetic products, as well as to increase natural
resources.
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Table 3. Comparison of the results of phytochemical analysis of current study to results of other studies

e - a S = 2 E’\ D
=g | 3 T|&=| 2= |22/8 So | 22| 8 S =
e ISES o2 S= SIS - NS | X > S >3
£ .= 2| <SS SIS S lao| S8 | S8 88 = B =
2S5 | S5 S| <3 (S %2 3z | =3 58 gy £3
Compounds | && | s< | S| % |38 |sg|sg|sg|33x| B2 | B8
EZ | S| =8| S [3S|=8|€5|8%| 2§ 2 S 23
o ES | &2 =2 S2|E-| 28| 22| B = 8§ =3
O3 | S| E8| 58 |E8|z | =28 |58 83| T | TS
Es |z =7 |27 &8 |E |2 B8 =
&~ 2 75 = S
2x
a-Asarone | 3x ‘E + + \ll(e)zvy
4x S 0.1-09 | 9.7 | +
[y
2x E 0.2-3
B-Asarone | 3x ERIR! 5 3-19
4x &; 90 | 70-96 | 856 | +
Methylisoeugenol + + 0.6-1 0.6 + [07-3] 0.8 0.05-9.18
Shyobunone + + 13.7 + 7.57 | 0.5 0.03-1
Isoshyobunone N 8.6 + 0.5-2.3 + 13.1
Acorenone § + 0.8-27.5 + 14.4 + +
a-Selinene % 5.0 + + | 378 | 0.7 Ol"lnly B-sclinene
= : : : X 0.04-6.64
$ vitro
)
Aromadendrane 0.2-0.3 0.93-4.61
Nerolidol 0.1-0.5 0.25-1.27 +
a-Pinene oy | 0.1-03 | Yo |+ 0.7 0.1-0.51 +
25 o
g5
Geranyl acetate X + +

Conclusion

Our phytochemical studies of in vitro, ex vitro and in
vivo tissue culture samples revealed the presence

of the Natural Integration Chemical of the Institute
of Chemistry and Chemical Technology, for her in-

of key compounds such as mono, sesquiterpene and
phenols. Therefore, this species cultivated using
biotechnological methods can be further utilized
for medicinal and other industrial purposes.
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In vitro-n ecreBepsi6coH I roau o8¢ (Acorus calamus Linn.,)-Hui

(puTOXUMMIH cyaaaraa

Meuxipipruita Camur, On3uiibarein bonoprysa, FOHrpaaruitn OnyHOHIIr

Hlunoicnox yxaansl akademu, Buonoeutin xypaonou, Ypeamavin buomexuonocuiin iabopamopu
XymosH aBcad 2021.6.7; Xsuan Toxuongyyiacan 2021.10.15; 3esmeepcen 2021.11.10

Xypaanryi

MOHTO OpHBI yTaaH HOMOH OYpPTIAIICOH HAH XOBOP 3YHJI Drai TOIWI 6BC Hb (EHWINPONAaHOU I, (IaBOHOW/I,
MOHO OOJIOH CECKBUTEPIECHYYAIC OypacoH 140 rapyil OMONOTHIH WABXT HATADJ aryyiaaar OJOH HAacT ©BCIer
ypramai oM. JIopHBIH yJIaMKJIalnT aHaraax yxaaHJ HOH 9PTHI3C XOPAINIMNK UPCOH IMUIH OOJIOH SKOJIOTHIH OHIep
ad XoJIOOTIONTOM DT TOIUIT OBCUHIT JIIXUKUH OJIOH OPOHJI OM, XYHC, TOO CalXHBI YHIIBIPIIAI allluriagar 0eree
MoHTON OpHBI YITaMKIIANT M TaHTHIH KOPOHII OpOX JaBTamyKaap TIPTYYIAAT. DTdJ TOMWI ©BCHHUN TapXall HOeI|
Oaracaxx, Oalraigbp A33p CIPIIH yprax O0JIOMXK OyypcaH ©Hee Yel OpYHMH YCHWUH JIBIINMITAT TECXHOJIOTHU AllWIIaH
JabopaTopuiiH HOXIOJJ OJMIPYyJAaH TapUMaDKYYDK, TOIATIIPUHH allUIT OOJUCHIH aryyJaM)KMHUT OalranwiiH
ypramaiTail XapbIlyyJaH TOJOPXOHICHOOP M OONOH Oycas AIICHIH OYTIATAIXYYHUH YHAIABIPIDIUIH TYYXUH dIUiH
HOeIl OYypAYYIdX OOJIOMKTON IOM.

DOHaXYY cynanraaraap OraJl TOAWIT ©BCHUHT dIUIH ©CTOBPHIH apraap OJIIpyyJaH, XOpPCOH | Jacrax, yiMaap OHdui
ypramaja aryyiaraax Xo€paord MeTaOOJUTHIH aryyJaMKHAr XWiH Xpomarorpad-macc CIEKTPOMETPHUIH apraap
TOHOPXOMIICOH. Ypraman Tyc OYpHWIH HaBY, YHADC, YHADCIAT WIMHWAN sraaTail AdYKYYIOWWT TeKCaH[ XaHIUIaH
(PUTOXMMUITH TOOH TOZOPXOMIIONT XHHUXA/ TOJLIOX HALIYY/ 000X MeTii303Brenod (0.05-9.18%), muobynon (0.03-
1%), akopaauen (0.05-2.86%), a-nuuen (0.09-0.51%), B-cenunen (0.26-6.64%) 0070H HEPOIUION, APOMATICHIPEH
39p3r HUMUT 55 HATIAI WIBPCIH. MOH ex vifro-1 jacracaH ypramilblH YHASCIAT HIIHIAC SUIracaH d(UPUHH TOCOH[
(UTOXMMUIH 4YaHApBhIH aHAIN3 XUIDK O-UHEH, KaM(eH, JIMHAJO0ON, TepaHui auerar, B-(apHeceH, KypKyMeH,
HEPOJHUI0I 33P3T 33 MOHO OOJIOH CECKBUTEPIICHT HAT/IAM TOAOPXOIIICOH.

Tynxyyp yec: Dran rogun esc (Acorus calamus L.), XuiiH XpoMarorpapu-mMacc COeKTPOMETp, TEPIEHT HATIAI,
a(¢upHUitH TOC, TeKCaH

Opuni

I'yyper yprammeia 10% Oytoy 350-500 msHTaH
3YHJI Hb OMUHH a9 XOIOOTJONTON Ik y3mar [1].
Yynuii Hor Oran roaua esc Hb 50-100 cM eHzep
yprajar oJIoH HacT eBcJjer ypramai [2] 6ereen yc,
HYYPBIH 3p3I, HaMar Jaryyx ryexsH ycaH[ yprax
Hamrapxar Ta3pblH 3pr3H TOMPOHJA yC Xajaranax,
IPBIPIIVYIDX DKOJOTUHH dYyxam yyparmi [3].
Honxuitn 42 yncax TapxcaH SHA? 3YHn JanailH
TyBIIHC A3 900-1800M-uitH eHgepT ypragar

*Xon6oo bapux 30xuoey
E-mail address:oyunbilegyu@mas.ac.mn
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[4] Gereex Monron opHbl XeBcren, XaHraii,
Mowuron [aryyp, Xsurad, JlopHon MOHIOJIBIH
TOHPOTT TOXHUOJIIOHO [2].

OpT mI3p yedc XAram, DHITXITUHH YIaMIKIaIT

aHaraax yxaaHJI MOIPYIIUAH  OBYHMH,  XOOJ
OosoBCpyysiax ~ OOJIOH  aMbCrajiblH  3aMbIH
OBUMH, apbCHBl OBUWH, Taprajajir, YHXpHUHH

IIVDKAHTHAH 3Cp3T, TYYHWISH OBYMH HaMJaax,
XalnyyH Oyypyynax 30pHIT0Op SMHHH TYYXUH
31 OOJIOH X3PANINK MPC3H. YYHIIC rajiHa XYHC
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TRKIIUNH, TOEN YMMAIVINUNH, 3aH YWIUiH,
9KOJIOTHIH 30pWJITO0p alluriax He Owit [5][6].
Term, MonTONEIH ymaMykiaanT dMHIATT lynar-4,
[unryn-8, CangpnH-6, 'appa-5 33par xopyynan
XOJ, TOJATOW 3M OONTOH X3PATIAAT TOIUNUTYH
MOoHT01 OpOH/ yprajar ypramiblH JIOTOp TaHTUAH
YKOPOHJ OpOX JaBTam»kaap TIPIyyaar [7].

OMUIH ypraman aaxb XoEpaord MeTadoIuT Hb
SMUWITIHUM OHIep HWIIBXTAHU, XYHUH 3pyya
MOHID HWX39X’H ad XOJOOTJONTOW TK Y3A3L
Oran  romuy  OBCHHN (DUTOXMMHWH —Cynajiraa
1957 oHOOC H5XJIPH ©Heer XYpTdi TacpalTryi
XUATOMK OaiiHa. YHIODCIAr HII OOJIOH HABYHBI
METaHOJ, 3TaHOJ, TeKCaH, yCaH XaHIyyld, MeH
9QUPUIH TOCHBI AIVKYYAUNT XHH, MIUHTIHUAN
xpomarorpad,
39p3r OarakuT aHAJM3UHH OJIOH apraap CyaanK
(heHunmponaHou, TPUTEPIICH INKO3U/, CAllOHUH,

LI6GMUMH COPOH30H  PE30HAHC

CECKBHUTEPIICHONI, MOHOTEPIIEH, aJKaJOWuJ 39P3T
140 rapyit XuMUIH HATA3I WIPYYIACHH [4]. YyHIC
TOJUIOX YHIIYHIITISTIH Hb 0, [3 a3apoH, SBIEHOI
(bennnmmponanonyym) OONOH CECKBHUTCPIICHOUT
HATIUIYY oM [8].

OMMMH ypramJjeil XaHJlaxgaa TOXUPOMIKTOM
yyCrardauir COHIox, 3B XaHjJjlacaHaap ypramiaac
WIPBXTIN HATIUIYYZ, XOEPAOTY METaOOIUTYYAbIT
sIrax  OOJIOMXKTOW 0OIOT. YyCrarduir COHrox
Hb ypramJjblH TOPeI, OMOUAIBXT HATIUIH IIUHK
gaHap 33pradc xamaapsa [9]. [ommox HArmmyyauitn
HOT [} a3apOoH Hb TYWITYH HATIAMI ydpaac TyHIryd
yycrard 0OJox rekcaHj yycraxaj Xsuoap camjar
[10]. MeH YyHADCIAT HWITHUN TEKCaH XaHI Hb
B azapon Oyxui »QUPUHAH TOCHIr aryysijuar
X3MI9H TOMIPIIACOH Oadmar [11]. Ywmacmar
WITHANA 3UPUHH TOC Hb a3apoH OOJNIOH TEpHeHT
HAOTIUIYYOMHAT  aryyingar —JBTISMXUE  OpraHuk
HATIRA  Oereej OakTepu, MOOTOHIPUWH 3CPAT
OHJOp WAPBXTHOH, YPABCAI Hamjaax YHIAITIMH,
MBIPIIUMH CUCTEMUUT TaWBLIPYYIAar TOAUUryi
YHOPTHHI OXb OONTOX XdP3MIaciadp upcdH [12].
YYH?3C YVYIPH TOMIOX HATHIYYAUNT HIPYYIdX
30pWITO0P  APKYYAUHT OpPraHuK yyCTarduH[
yycracan 0oJioH 3(UpHiiH ToC Oaljyiaap OAITI3H
XUWH apraap
DOHAXYY apra Hb OpUYMH YEHMH MIMHXWIMIHUH

xpomatorpaduita LIMHKJIIB.

TEXHOJIOTUYAAaC XaMIHIH TYTI3MAJT X3PATIIDTIIAT
Oereen 1250 Jla-aac Oara MOJEKYJl IKHHTIH
OpraHuK MOJEKYIYyd, J3TJIAOMXUNA  HATIJIANUT
Tonopxouszgor [13].

bun sHaxyy cymanraaraap Oran roauil ©BCHUM
in vitro OOJIOH ex Vitro, in Vivo-J| IWIKYYJICOH
ypramuiiblH = siraatail  JOOKYYAI (QUTOXUMHITH
XaphIyyJcaH Cylairaar Xwik (eHHIIPOIaHOMI,
MOHO HOTIITY Y IANAT

OOJIOH  CECKBHUTEPIICHT

TOJIOPXOMJIOB.

Cynaiaraansl MaTepHaJ, apra 3yi

Oran  TOmMJI  OBCOHJA  aryyiarjax  TOJUIOX
YHTUUAITIITIN xoéproruy MeTaOOIUTYyIbIT
TOAOPXOMIIOX 30pPWIIT00p siiraarail Xo€p xaHAaH[
XUIH Xpomarorpad-Macc CIEKTPOMETPHUIH apraap

(UTOXMMHIH aHAIU3BIT TYHLDTTIB.

T'excan  xanoano  xuiiciu
WUHNCUIIZIIHUIL  apza 3y
in vivo HexXmennm yprax Oy ypramiaac 2K
MaTepUalIbIl O3JIH epIuiH HOXIeN] XaTaax
OontraB. Jpokuiir HyHTarmacanel gapaa 200mr-
WU 2MIT H-TeKcaHn yycrax xomud, 35°C-t 2 mar
COTCAPCOH. bBanTracsH XaHApIr caliTap XOJBXK
150 mxy-r GC-H 30puynanThlH HIMJI3H CaBaH]]
XUWH TaTax IIYYrI2HA 24 1ar XaArajcHBI Japaa
xangHaac 1 Mka-r aa QP 2010 Plus (Shimadzu)
XuiiH xpomatorpadun murxkidB. Agilent HP-5
MS (20m x 0.18mm, 0.18MKM) Kamwisip KOJOHK
ammmiad, temneparypsir 40°C-33c sxmn 2°C/
MuH gaBramxkaap 120°C xypTan xanaaH 4 MUHYT
Oappx, maxwmanm 30°C/mun maBTamxkaap 280°C
Oonron xamaax 3 MHHYT OapuB. XeI©JITeOHT
¢azaap 4.0 Mi/MUH XypATall ypcax yCTOpOrduiiH
XUUT alluriaB. XpoOMaTorpaMMbIH Y3YYJIIITUIAT
“PARADISe”-p mmmxumk, yp ayHr RT (Retention
time) Oyroy Oapuriax xyramaann yHadcidH “NIST”
[IaXHM JIaBJIaXTall XapbIlyyJiaH TOITOOB.

Gumoxumuiin
In vitro 0on0oH

Deupuiin - mocono  XuiicIn

WIHUHIICUTIZIIHUTL

dumoxumuiin

XyA3MKUH]T
LIMIDKYYJICOH OWYHI ypramiibiH (ex vitro) YHOICIAT
WITUUT epIuitH HOXIIONT XaTaak O3ITrIB. XaTaax
KIDKATIICOH JPMKHIIC 200rp-miir aBd >dupuiin
TOCBIT yCaH YyypIIyylaiTbiH apraap Kiessuxap
3arBapelH [ WH3OeprwifH ammaparan; 2 [arditH

apza  3yu:
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TypIl HOPK raprad apaB. J[»kuir Oop wHMIdH
CaBaH/l XMIDK TamIaH, XAP3MIdX XYPTUI XapaHXyu
moxmeng, 4°C-t xamrancan. Iexcan (GC-miin
30pUyNanTbiH)-1 10 AaxWH MWHTAICOH AINKHIIC
100 mx-niir aBa TSQ-8000 macc criekTpoMeTpTai
1310 (Thermo Scientific)”
XHHH Xpomarorpadun muHxiB. “Agilent DB-5
MS” (30m x 0.25MMm, 0.25MKM) Kanmuisip KOJOHK
ammriad, Temreparypsir 70°C-33¢ aximH 5°C/MuH
nasramkaap 150°C Oonton xamaax, maxun 3°C/
MuH napramkaap 250°C GonTon xamaaxk 2 MUHYT
O6apuB. Dmact vHp 10°C/MuH naBramkaap 320°C
Oonton xamaaxk 3 MHHYT OapuB. XeIeITeeHT
(azaap 1.0 mur/mun Xyparait ypcax renmiin (He)
xuir ammrnaB. Yp ayHr RT (Retention time)
Oyroy Oapurmax xyramaaraap Hb “NIST” maxum
JIaBJIaXTal XapbIlyyJaH TOITOOB.

xonbocon ““Trace

Cynaaraansl yp AYH

T'excan  xamoano  Xuiicon  pumoOXuUMuiiH
WIUHMCUAZIIHUI yp OyH: DHIXYY Cynanraaraap
S capraii Owumn ypraman (in vitro) OOJOH
XYIOMKHHA 3 KA OHKOeeX W Tamoaim 1 kui
ypryyJcaH 3IUHH 6CTOBPHUIH apraap raprad aBcaH
ypraman (in Vvivo)-blH HaB4, YHJIC, YHAICIAT
WIIFH] aryyaarnax Xo€paord MeTaOOIHUThII TOOH
TOJOPXOMIIONTOOP ~ WIDDPXUIIDK  XapbIlyyiaB.

Cynanraanbl yp HOYHA O-TIHHEH, AaKOpaJHCH

39p3T MOHOTEPIICHYY[, IIMOOYHOH, HEpPOIUIOI,
CEJIMHEH, apoMaJeHIPEH, IeJpeH,
33pAT CECKBUTEPIICHYYA OONOH (DeHHIIITPOITaHOMT
OYJNruiH METHIIM303BIE€HOJ, TYYHWISH ypramali
METa0OIUTBIH YYPATTIH OpOMNIJIOT TenTako3aH,
reHEeHWKO3aH, OKTaKo3aH 33p3T HUUT 55 HATAAI
WIBPCoH (DAradp TOUIOX HATIITYYIAUHH XIMKIAT
1-p XYCHATTIA Y3YYJI9B).

ceHneieH

O-TIMHEH, LEAPEH 39p3T TEepHeHT HITMIYYA in
Vitro ypramiiblH YHJIICIAT UIMUHI WIPIITYH 00
W1 Tanmbaiii MHIDKYYICAH (in vivo) ypramibiH
0.51-1.06%-Tai
CecKBHUTEpIIEHT HATAAT OO0JIOX — CeHIIeUIeHA
XYBBJI i1 Vitro ypraMiblH YHAICIIT UIMHIIC Oycas
OYX JIPIKYYA3 Oara XaMKIITI3p WIBPCIH.

YHJI3CIAT 150000505010 OaiiB.

Oran roauWn eBCHHW TOJUIOX HATIUIYYA ©O0iox
mooyHoH (0.03-1%), Hepomumon (0.25-1.27%),
axopamueH (0.05-2.86%) OonoH apomaneHApeH
(0.93-4.61%) 33p3r HB OYX JPKUI OHPOIII00
XOMKIOH TOMOPXOUIIOTIICOH 00N P-cenmuHeH in
Vitro ypramiblH HaBY, YHIDICIOT UIIHUN DU
unpadryi Oaiina. TyxallH HATUIMAH aryyaamx
in vivo HOXIeNA yprax Oyd ypramibH VHICOHI
XaMIuiiH ux Oyioy 6.64% OGaii. D@eHWITPONIAHON ]
OYJITMIiH METHJIM303BIE€HON Hb N Vitro HaBUMHJ
9.18% oOaiican up Oycam mP»kHYYIIIC (0.05-
0.96%) unT AaByy y3YYJIIT 10M. XapHH BUTaMUH

1-p XYCHOIT. Dean 200un 06cHuUll A12aamait 0IICYYOUliH 2eKCaH XaHOAHO MOOOPXOUL020COH 2010X XUMUTIH

OYPINOIXYYH XICCYYO
RT Aryyaamx, %
Ne Hbaranuiin Hap in vitro in vivo in vitro in vivo in vivo
(vir) YHIICJAT M | YHAICJAT WK HaBY HaBY YHIAC
1 | o-Pinene 6.83 - 0.51 0.31 0.09 0.19
2 | Acetic acid 19.23 - 0.20 0.43 0.13 1.38
3 | Cedrene 21.64 - 1.06 0.10 0.83 0.31
4 | Methylisoeugenol 22.38 0.96 t 9.18 t 0.06
5 | Acoradiene 22.50 0.12 0.36 t t 2.86
6 | Seychellene 22.55 - t t t 2.12
7 | B Selinene 22.86 - 0.26 - t 6.64
8 | Shyobunone 23.38 t 1.01 0.06 0.09 0.11
9 | Nerolidol 24.28 0.59 1.27 0.33 0.25 0.28
10 | Aromadendrane 25.47 2.47 1.47 1.21 0.93 4.61
11 | Heptacosane 26.21 6.75 3.73 3.54 2.39 5.45
12 | Vitamin A aldehyde 26.60 7.74 5.60 3.98 3.09 9.42
13 | Heneicosane 26.95 2.21 1.64 1.05 0.65 0.60
14 | Octacosane 30.67 0.86 0.51 4.31 5.14 -
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A-uitH aryyigamk OyX JI%KYYISI XapblaHryd
ernep Oyroy 3.09-9.42%-raii Gaitmaa.

Orai TOMWI OBCHUM YHAACIAT WIHHT OMHIH
OOJIOH YHIIIBIPINHMIAH 30pUYNIaiTaap TOTWIOH
x3parwK upcaH [14]. bunmnuii cynanraansl yp
JYHT3C XapaxaJl Wi TaI0au]| IWDKYYICOH OHYIIT
YpramilbIH YVHJICIAT WINWH A3X TOJUIOX HATIAIM,
SUTAHTYsla MOHO OOJIOH CECKBUTEPIICHYY/ in Vitro
ypramanTail xapbIlyyjaaxa WiIyy XOMKIITIH OailB
(1-p 3ypar).

Baifrane m33px ypraman TagHbl Tepey OYpHiiH
cTpeccT amapxaH eptaer. Tyxainban OHOTHK
CTpEeCCHIH HeJleereep ypramaia OJIOH TOOHBI
XUMHUUH HOTIJTYYIUUT HUHIATKYYJIOH ©0pUiree
XaMraaypk Oaujar. DAr’sp XUMUWH HATIUIYYHI Hb
ypramaia Xo€paord MeTabonuT Oaiiaaap OpIImK
Omosory, GapMOKOJIIOTHIH YyXall UI9BX Y3YYIIAT
[15]. WitmMdac OumHMI un Tanbai]l MIMIDKYYJIRH
TapbCaH ypramajg TagHbl CTPECCHIH HOIIOereep
WIYY UX XOMXKIIHUH X0€PIOTd MeTaOOIUTYYIbIT
HUMIBOKYYIICOH Oaiix Maraiairai.

TepneHT HATIY Y/ Hb i1 Vifro A3KYYAI UIPIITYU
IOMyy 0ara X3MIKI3T33p WIAPCOH, XapuH in vivo
KU 2-30 1axuH WIYY XOMXKIITIU HUMIIATKCHH
0aiiB (1-p 3ypar).

S¢gupuitn mocono  xuiicin  umoxumuiin
wiunycunzIInuil yp oyn: 2017 oHI XYIOMKUHI
mpKyyJok 2020 onbsl 10 capa XypaaH aBcaH ex
Vitro ypraMiiblH YHJICJIAT UITHUHN A3PUPUITH TOCOH]T
YyaHapblH aHanu3 xuiB. CyganraaHsl yp IYHA O,
B-uHen, kamden, L-muMoHeH, B-IMCc-OKWMEH,
JIMHAJIOON, TEPaHWJ] aleTar 33p3T MOHOTEPICHT

1.4 1.27
12

1
0.8
0.6
0.4
0.2

B in vivo YHAICIIST Hill

B in vitro yHA3CI3r ML

1-p 3ypar. YrOscase uwinutl 0392cyyo030 (2ekcau
XAHOAHO) UNIPCIH 200X HISOLYYOUle Xapbyyyican Hob

2-p XYCHATT. D21 200Ul 06CHULL YHOICIE UWHUT DPUPUTIH MOCOHO MOOOPXOUIO2OCOH 200X XUMULIH

OYPINOIXYYH XICYYO
Ne | Hbaraumiin HIp XHMH.I?H RT X2paramd, a4 X0a00r101
TOM'BEO (MuH)
AHTWIa]a: MOHOTEPIICH
1 o-Pinene C H, 4.34 Ypramana MeTaOOIUTBIH YYPIITIH
2 | Camphene C H 4.64 YHAPT3H 02/1TraX O0JIOH XYHCOHJT aMT OpyyJ1ax
107716 30PHUJITOOP XOPIIIIDIADT
3 L-Limonene C H 6.1 XYHC3HA aMT OpyyJ1ax 30pHIT00p, MOH KYPKHUIHH YHAP
107716 opyyJ1ax 30pHJIT00P XIPAIIAIT
7 | B-cis-Ocimene C H, 6.39 Ypramaig METaOOIHUTBIH YYPIITH
4 Linalool C,H,0 767 ApuyH 1IPBpUIH 6YT33F,E[3XYYHZ[ YHOp Opyynardaap
alMmnIagar, MOeroHIPUNH CPAT, HUHCEKTUIIN]T IUHXKTIN
5 | Camphor C HO 8.97 Y POBCIMIH 5CPIT, OBUMH HAMIAAX MOH IIABBK YPIradX
10716 YUIIDIITONU
6 | Geranyl acetate C H O 14.72 DdupuiiH TOCHBI Halipiaraj opaor. AHXHIIYYH YHIP
127720 72 opyynax, aMT OpyyJiax 30pHIT00p XIPIIIIDAIT
AHTHIIAN: CECKBUTEPIICH
D¢upuiiH TOCHBI Halipiiaraa OpAor. Ypramall 6BCOH
7 o-Bergamotene C.H,, 16.11 TXKIIITIH OOJIOH IIaBhKHAAC ©OPHUITee XaMraalaxblH
TYIJ ANrapyyJaar
8 | (E)-B-Famesene C H 16.61 DdupuiiH TOCHBI Halipiiaraj opAor. Ypramal IIaBKHaac
157724 XaMraaJlaXbIH TyJIJI ssarapyyjijaar
9 | o-Curcumene C,H, 17.05 XYHCOHII aMT OpyyJIax 30pHUITOOP XIPATIIIIIT
DdupuiiH TOCHBI Halipiiaraj OpAoT, CYPYUTHUH
10 | Nerolidol C1 5H26O 19.6 YWJIIBIPIRIA X3p3ndraadT. bakrepuiiH, MeeroHIIPHUIH
ACPAr YHUIIAIATIH
11 | Acorenone C.H,.O 23.53 | Ypramamuja MeTaOOJIUThIH YYPAITIi
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HATIIYY, a-OepramMoTeH, (E)-B-dapuecen,
O-KypKyMeH, [-ceckBu(eUIaHIpeH, HEPOIHI0I
39pAT CECKBHUTEPNEHYYI 000X HHHAT 33 HIrmAI
WPesH (DAr’dp TOMIOX HATAIYYIUHH XOMXKIAT
2-p XYCHATT Y3YYII3B).

X131y Y 131

Ypramiieia rapanTait Xo€pmord MeTaboIUT Hb aMb]]
OumeniiH 311, 3CHI YYCHK Oalijar Tya SMUMITIIHUN
WUHXK YaHap, OWONOTHIIH HUWIDPI caiTai,
COHTOMOJT YWIIANTIH Oaiimar. MeH Owen MIMHTIX
LIMHTAIL, TAPXaJIT, OOTUCHIH COIHUIIIOOH]T OPOJIIIOX,
rajiariuiax Hb WIYY Xsutdap, Xopyy 4aHap Oararai
33par maByy Tamyyaraid [16]. [omxwuit HEATHD
SMUIH ypramilblH X3PITIP3 KHUINIC KU OCOH
HAMAIIYPK Oyd ©HOee yej OJIOH TOPIUNH ©BYHUN
3CPAr HJPBXTAUA SMHUUH ypramiyyid, THAr33p33C
suIracal Xo€pJord MeTa0OoIHUTYy]l Hb Cy/Jiaad/ibIH
aHXaapIell UXI9XOH Tarcaap OaitHa [17]. DHIXYy
cymanraaraap DT TOAMII ©BCHHM sIraarail apraap
03ITTACOH AIPKYY I GUTOXUMUITH aHATH3 XUHXIT
reKcaH XaHJaH] (DeHWINPOIaHOW], MOHO OOJIOH
CECKBHUTEPIEHT HOATUIYYI, YHAICIAT
suiracalH  d(UPHAH TOCOHJA TEPIEHT HATMIYYA

TYJXYY aryyiarjax Oais.

HITH33C

Bunuuii  emHex cymanraaHx in  vitro 0OJOH
ypramiiblH  YHIDICIAT
METAHOJIOH XaHJa OdMa»K, (PUTOXUMHITH aHau3
XUMX3[ aMHMH XY4YWJ, TOCHBI XY4MJI, OpPTaHUK
XYWIYYd, M6H O-CeIWHEH, aKOPEHOH 33pAT
CECKBUTEPHEHYYA, I-IUHUTON 33p3r HUUT 37
HormPn  wmpedH  [13].
CyZlajraaH/I 33K MaTepUajbIl TeKCaH T XaH1axa
(beHWIITIPOTIAHOW], MOHOTEPIICH, CECKBHTEPIICHT
OYNIMifH  HOTAIYYH WYY
MeraHon HbH TyHiaTall yycrard yudpaac TyWiaTai
HATUIYYIUIAT, XapUHTEeKCaH TYMITyH yycrarayupaac
TYWITYH HAODWIYYIUNTI  WIYYTIUr?9p yycrajaar
[10]. CeckBuTepmeHT OYATHIH HATARI CEIUHEH
Hb OalfranuiiH JP%KUI WIPIITYH, 36BXOH in Vitro
JIKUT WIBPCAH [ 14] 6on OupHuUi cynanraaraap in
vitro myxua 0yc in vivo mpa»xyynda 0.04-6.64%-
Tall TOomOpXoiorncoH. OHd y3yymnr [larap
HapbiH 1995 oubl cymanraansl yp ayHT?# (0.7%)
oiiponmoo Oaitmaa [18]. CenuHeH HBH ypramaig
METa0ONUTBIH YYPAT TYHIDTIAAT 06ree; 3Mrar

Oairanniin HIITHIAC

XapuH 5HY y#aaruiH

TOJIOPXOUJIOTIICOH.
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TOPYYJOTYIMHH  XalJBapblH Y€l HUWIKIAT
[19] Tyn B-cenmuenmii aryymamx ux (37-57%)
3(GUPHUIH TOCHIT YPIBCINIH Yel, Xalyypaxaji, MeH
OBUMH HamaaxX 5M Oonron ammumriagar [20. Men
TOJJIOX HATIJIMHH HAT METHUIIN303BI€HOII Hb i1 Vitro
HaBuuH 9.18% midpcaH HE Oycan mp»kHIC (0.05-
0.96%) nnt naByy 6aliB. DHIXYY HATIAI Hb (PHU3HK
XYUYUH 3YHIMIH HOJe6eH] HUIIPHKWXK ypraMibl
XaMmraajgar 0ereeq Orai roiw ©BCHUH HOTOOH
HaBUMHJ WIYY UX X3MXKI3T33p HUAIAMAKIAr [15].
Xapun OumHHWI cymairaaraap in vitro II»KYYII
WYY XOMXKI3TAU WIBPCOH Hb 3IUWH ©CTreBpUItH
SIBITQJT TOXUOJIOX P31, AyJaaH, TIPIUNH 3pUuM,
IMUIT TAMTIIX, 30XHOMOJI OPYHMH] ©CTOBOPIOX
39par (DM3WK XYYMH 3YWICHIH Henee 0Oaiix
0OJIOMIKTOI. IBreHO Hb HIHTUHH 3CPIT, YPIBCIUIH
3CPAT, OBAONT HaMAAaX YWIADATIH, aHTHOKCUIAHT
UIPBXTIN Horgon oM [21]. denunnponaHouy
OYJITHIAH HATIUTYY/ MX3BWISH YHIPT OOJNIOH SMHUIH
ypramunyynaz aryyaaragar [15]. bugawmii rexcan
XaHJAHJ XUHCAH Cyaajraaraap BUTaMHUH A-UilH
aryynamx in vitro yHa3cidr ummHpa 7.74%, in
vivo-1 5.6% 0Oaiican 601 Coman HapbiH 2014 oHBI
cylanraaraap BUTaMHUH A-MHH ypbrajg HILIAI
000X 0OeTa-KapOTHH YHJICIAT WINHUN JI3DKUJ
2.43Mr/MI XaMXKIITI9p WIDPPCIH  OaitHa  [22].
DAranpadc xapaxaj, SMUIH ad Xoi0ormon Oyxuid
qyxaj HATUTYYA OMOTEXHOJOTWHH apraap rapraH
aBCaH JOYPK MaTepUail XIPATIDXYHIl XdIMKIIHI
HUIIDOKIK Oaliraa 0ereell 3apuM TOXHOJIIOJ[
SIUNH TEXHUKUIH  HOJIeereep
aryymnaMXHHT HIMITIYYIIPX OOIOMKTON IOM.

OCTOBPUITH

XUICOH
kamop,

XapuH OuaHHUN
cyzanraaraap

JIMHAJIOOJI,

ahuUpuitH  TOCOHN
O-TIMHEH,  KaMmdQeH,
JIUMOHEH, TEepIHUHEH 33par
MOHOTEpIEHYYA, HEpONUI0T, AapOMaICHJIPEH,
KypKyMEH, aKOPEHOH 33P3I CECKBUTEPIICHYY[
WIIDPCOH HB Oycall cyaiaadibiH yp ayHTai [18][23]
[24] omiponoo Oaitha (3-p xycHart). Tyxainban
O-TIMHEH 2 J9%KHUH ajb aluHA WIBPCIH Oereen
in vivo yamacimar ummaa 0.51%, waBuung 0.09%
Oaiican Hb HemnanwiiH >pAdMTIUIH Cymaiaraaraap
0.06% [25], Hlarap HapeiH cyganraaraap 0.7% [18]
WIBPCAH Yp IOYHTIH oiponmoo OaifHa. o-IHHEH
Hb  alleTHIXOJIMHICTEPa3a
JlapaHryiniar Harnsi om [25].

SH3UMMMI  XY4YT3H



M. Canaunes nap, Bymaon-37, (2021 o, 11-p cap) xy. 90-97

TYYHWIH 192K MaTepuanyyaa TOHOPXOHIOTACOH
METHJIM303BIEHON, HEpPONUJI0N, TepaHW1 alerTart,
JIMHAJIOON 33pAT HATAYYA Hb TaaJlaM)KTall yHIpTIH
TyJA YHIPT3H, TOO caiixaH, axyiHH OyT33TIdXYYHI
YHIp opyyaax 3opuiaroop [21]
[26], xamden, muMOHEH, KypKyMeH, ¢hapHeceH
33paT

AHXWIYYH

HATIUTYYAMHAT  XYHCHHH — OyT33TIPXYYHI
YHIp OpyyJax 30pHITO0p
XOpaIAT [25]. Darasp HATWIYYX Hb Oakrtep,
MOOreHLep,  BHPYCBIH  3CPa3r
AQHTUOKCHAAHT HIMHXX 4YaHapTaik 0ereej ypiIBCII
0OJIOH XaBIPBIH ACPAT YHITIHIITIITIH HATIMITY Y FOM
[21][25]. Buunn ypkyynrasp rapraH aBcaH Orai
TONUI OBCHUHM 3HAXYY alIMIT YaHapT YHJICIdH
yAaMXKJIQJIT aHaraax yxaaH, XOOJI XYHC, axXyWH
OOJIOH TOO0 CalXHBI OYTIIIIPXYYHUH YHIABIPIAIT
X9PIMIIX, MOH HOOIHMHTI OYpHyysdX OOJOMKTON
IOM.

TaaJaM)KTall — amr,

YHIAATHH,

Jdyraaar

Bunauii in vitro, ex vitro OOJOH in Vivo-I
MIVIDKYYJICOH OMYHIT yPraMITbIH JI3KYYI3 XUHCIH
(pUTOXMMUIH CyJlanraaraap MOHO, CECKBUTEPIICHT,
(hbeHONT 3PPIT TOMIOX YHITIHUITIATIN HATIUTYYA
WIBPCOH Tyl OWOTEXHOJOTHIH apraap TapraH
aBcaH TyXaWH 3YWI ypramjbll LAalIug 3MHUWH
00J10H Oyca 1 YHIIBIPIIDIHIAH XOPITIIIH/T allIATIaX
OOJIOMIKTOM FOM.

Tamapxan

OHaxyy cynairaansl axwin He BCHIVCSam,
IIYTCanruiin caHXyyXwiT33p “MOHroia OpHBI
3apUM  XOBOp OMHUHH ypramibslH TeHO(OHIBIT
xamraanax OWOTEXHOJIOTUHH YHAICIAN COA3BT
cyypp cymanraa (LIyCc 2017/2019)-ub1 Tocent
QXKJIBIH  XYp2HA YpramiblH buorexHonoruiin
nabopaTopul XUUTACOH 00THO. MOH TYypIIWITHIH

3-p XYCHOIT. Aneaamaii 0332y y030 XUUCIH PUMOXUMULH WUHICUL2IIHULL Y OYHE 0ycad cyoanreaanul yp

OYHmMIUL Xapbyyyican oauoan
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QXJIBIT TYMLPTIX3A TYH Tyclaluaa Y3YYJICOH
Xumu,
baiiranuitn  HITIUIMIAH XUMWWH JTaOopaTOpHitH
padM  mmHKWIrMHUY - axkuntan  H.)Kas3zmaan
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XUMUUH TEXHOJIOTMMH  XYPIUIDHIUIH

ULI3J1 aBcaH 0yTIdJ1

[1] Salmeron-Manzano E., Garrido-Cardenas J.
A.,Manzano-Agugliaro F. Worldwide research
trends on medicinal plants. International
Journal of Environmental Research and Public
Health, 17, 2020. p3376

[2] Hambasp Jl., Oroymmpipr b., Tynsramar
P. MoHrosnbiH ypramibiH yjaaH gaHC 0Oa
XaMraalllIbIlH TOJOBIOTOOHUN 3MXATII. Yb,
2012. x78

[3] ShuH., Zhang S., Lei Q. Y., ZhouJ.,JiY. Y.,
...Long Ch., Ethnobotany of Acorus in China.

The Journal of Acta Societatis Botanicorum
Poloniae, 87(2), 2018. p3585

[4] Sharma V., Sharma R., Gautam D. S., Kuca
K., Nepovimova E., Martins N. Role of
Vacha (Acorus calamus Linn.) in neurological
and metabolic disorders: Evidence from
ethnopharmacology, phytochemistry,
pharmacology and clinical study. Journal of
Clinical Medicine, (9)4, 2020. p1176

[5] Imam H., Riaz Z., Azhar M., Sofi G., Hussain
A. Sweet flag (Acorus calamus Linn.): An
incredible medicinal herb. International
Journal of Green Pharmacy, 7(4), 2013. p288-
296

[6] Mukherjee P. K., Kumar V., Mal M., Houghton
P. J. Acorus calamus: Scientific validation of
Ayurvedic tradition from natural resources.
Journal of Pharmaceutical Biology, 45(8),
2008. p651-666

[7] Mbuncaiixan 3., Apuynaa 3., Ilypasxas M.
OwMT ypramain, 2-p 60te. YB, 2016. x305-308

[8] Raviraja G. Sh., Shruthi A. M. A review
on pharmacology of Acorus calamus - an
endangered medicinal plant. International

96

Journal of Pharma and Bio Sciences, 6(1),
2015. p605-621

[9] Abubakar A. R and Haque M. Preparation
of Medicinal Plants: Basic Extraction and
Fractionation Procedures for Experimental
Purposes. Journal of Pharmacy and BioAllied
Sciences, 12(1), 2020. p1-10

[10] Syarif R. A., Rasyid R and Najib A. Dringo
rhizome (Acorus calamus L.): A potential
source high B-asarone. Journal of Chemical
and Pharmaceutical Research, 7(3), 2015.
p258-261

[11] Hartati S., Soemiati A., Eka 1. A. Isolasi

B-asaron dari Rimpang Dringo (Acorus
Linn.) serta Uji  Aktivitas
Antimikroba. Jurnal Bahan Alam Indonesia,
8(2), 2012. p85

calamus

[12] Imam H., Riaz Z., Azhar M., Sofi G., Hussain
A. Sweet flag (Acorus calamus Linn.): An
incredible medicinal herb. International
Journal of Green Pharmacy, 7(4), 2013. p288-
296

[13] Turner D. Gas Chromatography - How a Gas
Chromatography Machine Works, How to
Read a Chromatograph and GCxGC. Retrieved
from https://www.technologynetworks.com/
analysis/articles/gas-chromatography-how-
a-gas-chromatography-machine-works-how-
to-read-a-chromatograph-and-gcxgc-335168,
2021.03.17

[14] Deepalakshmi P. D., Khongorzul O.,
Thirugnanasambantham P., Oyunbileg Yu.,
Altanzul Kh., Senthil K. Metabolite profiling
of In vitro cultured and field grown rhizomes
of Acorus calamus from Mongolia using GC—
MS. Journal of Chromatographia, 79(19-20),
2016. p1359-1371

[15] Tan K. H., Nishida R. Methyl eugenol: Its
occurrence, distribution, and role in nature,
especially in relation to insect behavior and
pollination. Journal of Insect Science, 12(56),



M. Canaunes nap, Bymaon-37, (2021 o, 11-p cap) xy. 90-97

2011. p1-74

[16] Onontysia I'. OMuiiH yprama- sMUMITI9HUH
HAPBXT HATIRI. XUMH, XUMUAMH TEXHOJIOTHIH
XYP3IUISHTUIH 3PA3M MIMHKHUITIHUN OYT31
Ne6, 2018. x21-28

[17] Oroynbumar KO 6a Oycan. “Xypyy HIHIH
noTtopx ypraman-2”, Vb, 2017. x83-120

[18] Todorova M. N., Ognyanov 1. V., Shatar S.
Chemical composition of essential oil from
Mongolian Acorus Calamus L. rhizomes.
Journal of Essential Oil Resourses, 7(2), 1995.
pl191-193

[19] Ding Ye., Huffaker A., Koéllner T. G.,
Weckwerth Ph., Robert A. M., ...Schmelz E.
A. Selinene volatiles are essential precursors
for maize defense promoting fungal pathogen
resistance. Journal of Plant Physiology, 175(3),
2017. p1455-1468

[20] Chandra D., Prasad K., Kohli G., Bisht G.,
Punetha V. D., ...Pandey H. K. Essential oil
composition of Acorus calamus from district-
Pithoragarh, Uttarakhad, India. World Journal
of Pharmaceutical Research, 4(9), 2015.
pl158-1166

[21] Nejad S. M., Ozgunes H., Basaran N.
Pharmacological and Toxicological Properties of
Eugenol. Turkish Journal of Pharmaceutical Sciences,
14(2),2017. p201-206

[22] Soman M., Chandran P., Nair R., Vinod V. M.,
Kesavamongalam Sh. P., Nair Govindapillai
A. N. Nutritional and anti-nutritional status of
Acorus calamus L. rhizome. Journal of Food

Science and Technology, 15(1), 2014. p51-59

[23] Raal A., Orav A., Gretchushnikova T.
p-Asarone content and essential oil
composition of Acorus calamus L. rhizomes
from Estonia. Journal of Essential Oil

Research, 28(4), 2016. p299-304

[24] Raviraja G. Sh., Shruthi A. M. A review
on pharmacology of Acorus calamus - an

endangered medicinal plant. International
Journal of Pharma and Bio Sciences, 6(1),
2015. p605-621

[25] Gyawali R and Kim K. S. Volatile organic
compounds of medicinal values from
Nepalese Acorus calamus L. Kathmandu

University Journal of Science, Engineering
and Technology, 5(2), 2009. p51- 65

[26] Chan W. K., Tan L. T., Chan K. G., Lee L. H.,
Goh B. H. Nerolidol: A sesquiterpene alcohol
with multi-faceted pharmacological and
biological activities. Journal of Molecules,
21(5), 2016. p529

97





